
Temperament Pathways to Childhood Disruptive Behavior and
Adolescent Substance Abuse: Testing a Cascade Model

Michelle M. Martel1,3, Laura Pierce2,3, Joel T. Nigg3, Jennifer M. Jester4, Kenneth
Adams2,4, Leon I. Puttler4, Anne Buu4, Hiram Fitzgerald3, and Robert A. Zucker4
1Department of Psychology, University of New Orleans New Orleans, LA

2Ann Arbor VA Healthcare System Ann Arbor, Michigan

3Department of Psychology, Michigan State University East Lansing, Michigan

4Department of Psychiatry and Addiction Research Center, University of Michigan Ann Arbor, Michigan

Abstract
Temperament traits may increase risk for developmental psychopathology like Attention-Deficit/
Hyperactivity Disorder (ADHD) and disruptive behaviors during childhood, as well as predisposing
to substance abuse during adolescence. In the current study, a cascade model of trait pathways to
adolescent substance abuse was examined. Component hypotheses were that (a) maladaptive traits
would increase risk for inattention/hyperactivity, (b) inattention/hyperactivity would increase risk
for disruptive behaviors, and (c) disruptive behaviors would lead to adolescent substance abuse.
Participants were 674 children (486 boys) from 321 families in an ongoing, longitudinal high risk
study that began when children were three years old. Temperament traits assessed were reactive
control, resiliency, and negative emotionality, using examiner ratings on the California Q-Sort.
Parent, teacher, and self ratings of inattention/hyperactivity, disruptive behaviors, and substance
abuse were also obtained. Low levels of childhood reactive control, but not resiliency or negative
emotionality, were associated with adolescent substance abuse, mediated by disruptive behaviors.
Using a cascade model, family risk for substance abuse was partially mediated by reactive control,
inattention/hyperactivity, and disruptive behavior. Some, but not all, temperament traits in childhood
were related to adolescent substance abuse; these effects were mediated via inattentive/hyperactive
and disruptive behaviors.
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Substance abuse has serious consequences for youth, including the potential for long-term
addiction. A key application of a temperament framework to developmental psychopathology
involves the identification of liability for substance abuse. An extensive literature suggests a
linkage between temperament traits and substance abuse (Caspi, Moffitt, Newman, & Silva,
1996; Das Eiden, Chavez, & Leonard, 1999; Masse & Tremblay, 1997; Mun, Fitzgerald, Von
Eye, Puttler, & Zucker, 2001). At the same time, another literature links behavioral problems
such as antisocial behavior with subsequent substance abuse (Masse & Trembley, 1997). Yet
these two approaches to identifying predictors of substance abuse have not been connected.
Children at high risk for substance abuse disorders often exhibit behavioral manifestations of

For correspondence, contact: Michelle Martel, 2005 Geology & Psychology Building, 2000 Lakeshore Drive, New Orleans, LA 70148,
Ph.#: 504-281-6776; Fax #: 504-281-6049, Email: mmartel@uno.edu.

NIH Public Access
Author Manuscript
J Abnorm Child Psychol. Author manuscript; available in PMC 2010 March 1.

Published in final edited form as:
J Abnorm Child Psychol. 2009 April ; 37(3): 363–373. doi:10.1007/s10802-008-9269-x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



risk for psychopathology early on, whether conceptualized as temperament traits or disruptive
behaviors (Zucker, Ellis, Bingham, & Fitzgerald, 1996).

Temperament and disruptive behavior compete for some of the same behavioral terrain,
begging the question of conceptual framing in any study of this sort. As used herein,
temperament is defined as early-appearing and relatively stable differences in emotional
reactivity and regulation (Rothbart & Bates, 1998). To operationalize temperament traits for
children, we drew upon Eisenberg et al’s (1996; 2003) model. In this model, reactive control
is defined as a relatively automatic modulation of behavior in response to immediate incentive
(Eisenberg, Fabes, Guthrie, & Reiser, 2000). Resiliency refers to the flexible modulation of
control in response to context demands. Negative emotionality connotes the propensity to
experience anxiety, sadness, and irritable anger.

As conceptualized in the DSM-IV-TR (APA, 2000), disruptive behavior problems are
conceived as categorical syndromes (Attention-Deficit/Hyperactivity Disorder [ADHD],
Oppositional-Defiant Disorder [ODD], Conduct Disorder [CD]). However, they can also be
conceived as continuously distributed liabilities that express in the normal and pathological
range. Factor analytic studies of child psychopathology identify behavior problems in the
domain of inattention/hyperactivity and externalizing or disruptive behavior (Achenbach &
Edelbrock, 1978; Pillow et al., 1998), including delinquency and conduct problems.
Inattention/hyperactivity and disruptive behaviors serve as relevant indicators of risk for child
ADHD and ODD/CD respectively (Achenbach, 1991a; 1991b; Lampert, Polanczyk,
Tramontina, Mardini, & Rohde, 2004).

Potential overlap between temperament and psychopathology is likely, both at a conceptual
and a measurement level. For example, temperament may predispose to psychopathology,
interact with psychopathology, or be influenced by psychopathology (Watson, Kotov, &
Gamez, 2006). Temperament and psychopathology may also reflect the same underlying
process (common cause/spectrum model; Watson, Kotov, & Gamez, 2006). Work to date that
has controlled for item overlap in questionnaire measurement of temperament traits and
psychopathology has often, though not always, found similar relations as when not controlling
for this overlap (e.g., Lemery, Essex, & Smider, 2002; Martel & Nigg, 2006). This work
advances work on temperament-psychopathology relations by suggesting that relations found
between these two domains are real and not entirely due to item overlap.

As early as infancy, apparent markers of temperament, including high novelty seeking and low
harm avoidance, appear to predict adolescents’ onset of drinking (Caspi et al., 1996; Das Eiden,
Chavez, & Leonard, 1999; Masse & Tremblay, 1997; Mun et al., 2001). Our previous work
has established relations between low temperamental reactive control and low resiliency in
childhood and disruptive behaviors and substance abuse in adolescence (Martel et al., 2007;
Wong et al., 2006). Other work links novelty seeking, high physical activity, low behavioral
control, and negative emotionality with alcoholism and other substance abuse (Caspi et al.,
1996; Mulder, 2002; Wills & Dishion, 2004). Thus, early risk for adolescent substance abuse
may be able to be identified in early childhood via temperament traits.

Childhood inattention/hyperactivity and disruptive behavior problems may mediate a
developmental progression from vulnerable temperament in preschool to adolescent substance
abuse. Substance use problems in adolescence are in fact frequently preceded in childhood by
disruptive behavior problems (or diagnoses such as ODD and CD) as well as by inattention
and hyperactivity (or a diagnosis of ADHD; Molina & Pelham, 2003; Tarter, Kirisci, Feske,
& Vanyukov, 2007; Zucker, 2006). Children with high levels of hyperactivity, aggression, and
delinquency also frequently go on to become adolescents with substance use problems (Eron
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et al, 1987; Hawkins et al., 1992; Hawkins et al., 1999; Jester et al., 2008; Masse & Tremblay,
1997).

Further, disruptive child behaviors appear to follow a developmental progression. It has been
argued that ADHD predicts onset of ODD, and ODD predicts onset of CD, at least in some
children (Burke, Loeber, Lahey, & Rathouz, 2005; Loeber, Green, Keenan, & Lahey, 1995).
In this vein, Tarter et al (2007) reported that conduct problems mediated associations between
hyperactivity and substance use disorders. Inattentive/hyperactive and disruptive behavior
problems are associated with temperament traits including low effortful and reactive control,
negative emotionality, and decreased agreeableness (Lynam et al., 2005; Martel & Nigg,
2006). Thus, these temperament traits may increase risk for substance abuse problems
indirectly by increasing risk for childhood disruptive behaviors.

We therefore propose a cascade model that captures these supposed relations. This model
begins with family, or genetic, risk which subsequently manifests itelf in certain temperament
traits, such as low reactive control, resiliency, and negative emotionality. These, in turn,
through interactions with the environment (Patterson et al., 1998), lead to symptoms of
inattention/hyperactivity. Problems with caregivers, teachers, and peers increase likelihood of
conduct problems and later substance abuse problems, with onset during adolescence (Molina
& Pelham, 2003; Zucker, 2006). In the current study, we attempt to provide an initial, empirical
examination of this cascade model. It was hypothesized that (1) risky temperament (e.g., low
reactive control) would increase risk for inattention/hyperactivity, (2) inattention/hyperactivity
would increase risk for delinquency and conduct problems, (3) disruptive behavior problems
would increase risk for substance abuse, and (4) this sequence would mediate the relation of
family risk status with adolescent substance abuse, shown in Figure 1.

METHOD
Participants

Participants were 674 children (486 or 72% boys) from 321 families who had completed at
least one wave of data collection of an ongoing, prospective, multi-wave high risk study. Two
percent of the sample was ethnic minority, primarily biracial, due to study design. This study,
which started in the early 1980s, is following a community sample of families with high levels
of substance use disorders and other psychopathology along with a community contrast sample
of families drawn from the same neighborhoods but without the high substance abuse profile
and with lower levels of psychopathology. This sample is at considerably enhanced risk for
substance use disorders and disruptive psychopathology (Zucker & Wong, 2005). Multiple
siblings were included per family when possible. These 321 families included 85 families with
one child participant, 145 families with two child participants, 67 families with three child
participants, 22 families with four child participants, and two families with five child
participants.

These 321 families were drawn from an initial recruitment sample ascertained through the
father’s alcoholism for the high risk group, and absence of substance use disorder for both
parents in the contrast sample. The following criteria determined selection of men (fathers)
into the high-risk sample (N= 161). [a] Men were initially identified through a network covering
all courts in a four county wide area. All men with a drunk driving conviction involving a blood
alcohol concentration of at least 0.15% if first conviction (or at least 0.12% if a previous
drinking-related legal problem had occurred) were potential study candidates. In addition, they
were required to [b] meet a Feighner et al. (1972) diagnosis for probable or definite alcoholism,
[c] have at least one son between three and five years of age, and [d] be living with the child
and his biological mother at the time of enrollment. The presence of fetal alcohol syndrome in
any child was exclusionary. Maternal diagnosis was free to vary.
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A contrast/control group of families who resided in the same neighborhoods as the alcoholic
families, but with no alcohol or other substance abuse history in either parent, was recruited
using epidemiological door-to-door canvassing (n=96). In addition, an intermediate risk group
(n=64) was obtained by recruiting all families with an alcohol abuse/dependence diagnosis
who were found during the community canvass. At later waves, all siblings within +/- 8 years
of the primary male target child were also recruited. Additional description of study procedures,
recruitment strategies, and eligibility criteria is found in Zucker et al. (1996) and Zucker et al.
(2000). Full family assessments involving both parents and participating children occurred at
three-year intervals, starting at baseline, wave 1 (ages 3 through 5). The present study reports
on data from preschool (wave 1: child age 3.0 – 5.9 years), early childhood (wave 2: child age
6.0 – 8.9), middle childhood (wave 3: child age 9.0 -- 11.9 years), early adolescence (wave 4:
child age 12.0 – 14.9 years), and late adolescence (wave 5: child age 15.0 – 17.9 years).
Adolescent substance abuse was measured annually during early and late adolescence in
addition to the three-year data collection (waves 4 and 5: child age 12.0 – 17.9 years).

Measures
Family Risk Status—At wave 1, parent alcoholism and antisocial personality disorder
lifetime diagnoses were given on the basis of responses to the Diagnostic Interview Schedule
(DIS), Drinking and Drug History Questionnaire, and short Michigan Alcoholism Screening
Test. The DIS is a thorough, guided interview that covers mental and physical health
information, including substance abuse. The Drinking and Drug History Questionnaire uses
various items from three well validated measures of alcohol and drug use: 1978 NIDA Survey
(Johnston, Bachman, & O’Malley, 1979), the American Drinking Practices Survey (Cahalan,
Cisson, & Crossley, 1966), and the Research Questionnaire for Alcoholics (Schuckit, 1978).
A trained clinician made diagnoses using DSM-IV criteria for each parent’s alcohol use and
antisocial personality disorder. A family risk variable was created by summing the index scores
for paternal and maternal alcoholism and antisocial personality disorder. The family risk
variable ranged from zero (neither parent has alcoholism or antisocial personality disorder) to
four (both parents have alcoholism and antisocial personality disorder).

Temperament traits—Child temperament was assessed at waves 1 through 4 by having a
test administrator, who knew the child and the family after having spent essentially a full day
of data collection with them, complete the California Child Q-sort (CCQ) common language
version (Block & Block, 1980; Caspi et al., 1992). The administrator made use of all available
data from the hours spent interviewing and assessing the child in completing their ratings so
this measure is largely based on administrator observations of the child during testing, one-on-
one interaction with the administrator, and parent-child interactions.

The CCQ consists of 100 cards which must be placed in a forced-choice, nine-category normal
distribution. The administrator (staff person) described the child by placing descriptive cards
in one of the categories, ranging from one (least descriptive) to nine (most descriptive). Three
temperament scores were computed based on previously published Q-sort item scales for
resiliency (Eisenberg et al., 2003; e.g., “is resourceful in initiating activities; uses and responds
to reason”), reactive control (Eisenberg et al., 1996; e.g., “is restless and fidgety[R]”; “has a
rapid personal tempo, reacts and moves quickly[R]”), and negative emotionality (Eisenberg et
al., 1996; e.g., “has rapid shifts in mood”). Consistent with those reports, each scale achieved
adequate internal reliability in our sample (α ≥ .91 for each). Average cross-wave inter-
administrator correlations for the temperament scales were statistically significant though
modest in magnitude (reactive control r=.28, p<.01; resiliency r=.27, p<.01; negative
emotionality r=.19, p<.01).
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Child problem behaviors—Inattention/hyperactivity was assessed at waves 1 through 5
via parent report on the Child Behavior Checklist (CBCL; Achenbach, 1991a) and via teacher
report on the Teacher Report Form (TRF; Achenbach, 1991b). A composite of inattention/
hyperactivity was generated as the mean of parent and teacher ratings at waves 1 through 5.
Internal reliability for this composite was .79. Youth reports were not included in the composite
due to evidence that they lack validity for these symptoms (Henry, 2006; Jensen et al., 1999).

Disruptive behavior (delinquency and conduct problems) was measured similarly using the
externalizing behavior composite from the CBCL and TRF, but with a focus on the most
knowledgeable rater. At wave 1 (ages 3-5), parent report was used; at waves 2 (ages 6-8) and
3 (ages 9-11), parent and teacher reports were used; at waves 4 and 5 (ages 12-17), parent,
teacher, and adolescent reports were used. Internal reliability for this composite in the current
study was .84 when averaged across all waves.

Adolescent Substance Abuse—Twenty-seven items pertaining to alcohol abuse and
seventeen items concerning drug abuse inquired as to the presence or absence of substance-
related problems in the past year. These questions were taken from the Drinking and Drug
History Questionnaire (Cahalan et al., 1966; Johnston et al., 1979; Shuckit, 1978) administered
in self-report form to adolescents at waves 4 and 5, as well as during annual wave collection
from ages 11 through 17. If an item was ever endorsed, it was counted as endorsed, a procedure
utilized in order to accurately assess low base-rate instances of substance abuse and substance-
related problems (for validity of this clinical aggregation approach, see Piacentini, Cohen, &
Cohen, 1992). High test-retest reliability of self-reports of substance use (e.g., r=.89-.99 for
non-marijuana illicit drug use from ages 16 to 17) was evident in the current sample and are
consistent with those reported in the larger literature (O’Malley, Bachman & Johnson, 1983).
Alpha coefficient reliability for this substance abuse composite score in the current sample
was .99, suggesting that the variables used to generate this composite were highly associated
with one another.

Data Analysis Plan
Handling of Missing Data and Nonindependence—At wave 1, only male target
children were initially recruited. Female target children and additional siblings were recruited
into the study at later waves as funding permitted. Between 351 and 565 children completed
data collection at each individual wave, and 204 children completed all waves of data
collection, although most children completed more than one wave of data collection. A subset
of families was not assessed at waves 2 and 3 when funding difficulties systematically
precluded their evaluation. This missingness fits the description of data missing at random
(Little & Rubin, 1987). Participants were included as long as they had at least one data point
for child traits, child problem behaviors, or adolescent substance abuse. Missing-at-random
data was handled by using the full information maximum likelihood (FIML) estimator available
in Mplus (Muthen & Muthen, 2007), as recommended in the methodology literature
(McCartney, Burchinal, & Bub, 2006; Schafer & Graham, 2002). The CLUSTER command
was implemented in Mplus to take in account the non-independence of data (due to siblings
living in the same family) which could otherwise artificially inflate the standard errors of the
parameter estimates.

Covariates and Statistical Checks—In order to include other potentially important
predictors, all analyses that did not include a family risk variable included lifetime paternal
alcoholism, lifetime maternal alcoholism, socioeconomic status (SES; measured using the
revised Duncan scores which take into account parental employment; Mueller & Parcel,
1981), sex of child, and age at wave 5 data collection (to control for differences in opportunity
to develop drug or alcohol problems as a function of final reporting age) as covariates.
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Strategy for Mediation Analyses—The model underlying the current work suggested that
traits (e.g., reactive control) evolve into inattention and that inattention/hyperactivity in turn
progresses into antisocial behavior in a cascade-like sequence (Patterson, Reid, & Dishion,
1998), consistent with a common cause/spectrum model of trait-psychopathology relations
(Watson et al., 2006). The correct analysis for this question might be open to some debate. We
chose not to conduct latent growth curve models because those assume that all constructs are
distinct (i.e., that reactive control is a distinct construct from antisocial behavior). Rather, we
approached this analysis in two rather simple and straightforward ways for descriptive
purposes. First, to maximize power, regression analyses were conducted using composite
scores averaged across all available data waves. However, since this strategy does not capitalize
on the longitudinal design, we also examined models in which we chose trait or behavior
measures from the ages at which they were theorized to be most important (temperament in
preschool, psychopathological behaviors in childhood, and drug abuse in adolescence). This
enabled us to rule out the possibility that overlapping wave data might be driving relations
between temperament and psychopathology.

In order to test mediation, multiple, simultaneous regression analyses were conducted to test
the path coefficients in the model (Baron & Kenny, 1986) and to evaluate whether full or partial
mediation occurred by testing the significance of the indirect path (MacKinnon, Lockwood,
Hoffman, West, & Sheets, 2002). In order to compare model fit in non-nested models, the
Akaike information criteria (AIC) was examined. The model with the smallest AIC is the best
fitting (Kline, 2005).

RESULTS
Descriptive Statistics on Sample

Descriptive statistics are presented in Table 1 Children from alcoholic families, including high
and intermediate risk groups, had lower reactive control and resiliency, marginally higher
levels of negative emotionality, higher levels of inattention/hyperactivity and disruptive
behavior, and more substance abuse. A correlation matrix of key study variables are presented
in Table 2 These preliminary analyses suggested that the pathways that had been hypothesized
might be plausible, so testing of those paths proceeded step by step.

Question 1: Does inattention/hyperactivity mediate the relationship between temperament
and disruptive behavior problems?

In order to evaluate whether inattention/hyperactivity (at ages three through 17) mediated the
relationship between temperament traits (at ages three through 14) and disruptive behavior
problems (at ages three through 17), three regression models were conducted, one for each
temperament trait. As depicted in Figure 2, all individual pathways were significant (p<.01)
in the expected direction. Age of child at wave 5 data collection and lifetime paternal
alcoholism were significant covariates. As the figure suggests, significant partial mediation
was observed in each instance (first panel indirect estimate= -1.25, p<.01; 99% confidence
interval: -1.84- -.66; middle panel indirect estimate=.92, p<.01, 99% confidence interval: .
45-1.38; bottom panel indirect estimate=-1.34, p<.01, 99% confidence interval: -1.83- -.86).
Thus, the first portion of the conceptual model was supported. Each trait operated partially via
inattention/hyperactivity in relation to disruptive behavior problems.

The significant indirect effects hold when one examines a model of non-overlapping wave data
including traits measured at wave 1 (ages 3 to 5), inattention/hyperactivity measured at waves
2 and 3 (ages 6 to 11), and disruptive behaviors measured at waves 4 and 5 (ages 12 to 17;
indirect estimates= -.62 for resiliency; .35 for negative emotionality; -.38 for reactive control;
all p<.01).
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Question 2: Does disruptive behavior mediate the relationship between inattention/
hyperactivity and substance abuse?

As shown in Figure 3, disruptive behavior (at ages three through 17) fully mediated and, in
fact, suppressed the positive relationship between inattention/hyperactivity (at ages three
through 17) and substance abuse (at ages 11 through 17; indirect estimate=.52, p<.01, 99%
confidence interval: .32-.73). Child sex (estimate=-.09, p<.05), age of child at wave 5 data
collection (estimate=.08, p<.05), and lifetime paternal alcoholism (estimate=.11, p<.01) were
significant covariates. The significant indirect effect (estimate=.31, p<.01, 99% confidence
interval: .16-.46) held using non-overlapping measures of inattention/hyperactivity at waves
2 and 3 (ages 6 to 11) and measures of disruptive behavior at waves 3 and 4 (ages 9 to 14).

Question 3: Do inattention/hyperactivity and disruptive behaviors mediate the relationship
between temperament and substance abuse?

Resiliency and negative emotionality were not significantly related to substance abuse (path
estimate=.01, .04 respectively, both p>.05), so they were not considered in subsequent
analyses. The focus of analyses therefore became reactive control, which was inversely related
to later substance abuse (estimate=-.16, p<.01).

Inattention/hyperactivity was related to substance abuse problems at wave 5 (estimate=.11,
p<.05), but failed to mediate the relationship between reactive control and substance abuse
(indirect estimate=-.13, p>.05, 95% confidence interval:-.36 to .09). Age at wave 5 data
collection (estimate=.12, p<.01) and lifetime paternal alcoholism (estimate=.15, p<.01) were
significant covariates. On the other hand, disruptive behavior (at ages three through 17) was
related to substance abuse problems (at ages 11 through 17; estimate=.39, p<.01), completely
mediating the relation of low reactive control (ages three to 14) to substance abuse, shown in
Figure 4 The direct path between reactive control and substance abuse dropped from -.16 (p<.
01) to -.02 (p>.05); the indirect effect was significant (estimate=-.94, p<.01, 99% confidence
interval: -1.4 to -.49). Child sex (estimate=-.11, p<.01), age at wave 5 data collection
(estimate=.09, p<.05), and lifetime paternal alcoholism (estimate=.11, p<.01) were significant
covariates. The indirect effect remained significant (estimate=-.13, p<.01; 99% confidence
interval: -1.12 to -.3) when non-overlapping measures of reactive control (at waves 1 through
3; ages 3 to 11) and disruptive behavior (at waves 3 and 4; ages 9 to 14) were used.

Thus, the major tenets of the hypothesized cascade model held. Reactive control was
significantly related to child inattention/hyperactivity and disruptive behaviors, as well as to
adolescent substance abuse. The relation between inattention/hyperactivity and substance
abuse was mediated by disruptive behaviors, and the relation between reactive control and
substance abuse was mediated by disruptive behavior. Now we move to the final step, to see
if this chain mediates family risk transmission.

Question 4: Do child traits and behavior problems mediate the relationship between family
risk and adolescent substance abuse?

As expected, family risk status was moderately related to substance abuse in youth at wave 5
(estimate=.21, p<.01 with SES, sex of child, and age at wave 5 data collection covaried). As
shown in Figure 5, when substance abuse was regressed on family risk, controlling for reactive
control (ages three to 14) and child problem behavior (ages three to 17), the direct path between
family risk and adolescent substance abuse dropped from .21 (p<.01) to .09 (p<.05). The
indirect effect was significant (estimate=.15, p<.01; 99% confidence interval=.03-.28). Child
sex (estimate=-.09, p<.05) and age at wave 5 data collection (estimate=.09, p<.05) were
significant covariates. We rechecked this model using non-overlapping data: reactive control
measured at wave 1 (ages 3 to 5), inattention/hyperactivity measured at waves 2 and 3 (ages 6
to 11), and disruptive behavior measured at waves 3 and 4 (ages 9 to 14). The indirect effect
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estimate remained significant in this model (estimate=.04, p<.05; 95% confidence interval=.
003 to .08).

Data Checks
Models with reversed paths were examined, compared to the full model presented in Figure 5
(AIC=23453.33) in order to provide a more stringent test of the direction of effects between
key variables. When the path between reactive control and inattention/hyperactivity was
reversed, the AIC increased to 23606.15, indicating worse fit for this model. When the path
between inattention/hyperactivity and disruptive behaviors was reversed, the AIC was identical
(23453.33), suggesting equivalent fit.

Two-group analyses were also conducted to clarify potential gender differences in mediation
models. All mediation effects were significant and in the same direction within boys and girls
with one exception. The indirect effect in the final model, testing whether child traits and
problem behavior mediated the association between family risk and substance abuse, was
significant in boys (estimate=.17, p<.05; 95% confidence interval=.05 to .28) but marginal in
girls (estimate=.06, p>.05; 95% confidence interval=- .04 to .16).

DISCUSSION
Early temperament dysregulation may increase risk for childhood behavior problems that in
turn evolve into substance abuse during adolescence. This study sought to test a developmental
model of substance abuse using a coherent cascade model in which it was hypothesized that
(1) risky temperament (e.g., low reactive control) would increase risk for inattention/
hyperactivity, (2) inattention/hyperactivity would increase risk for delinquency and conduct
problems, (3) disruptive behavior problems would increase risk for substance abuse, and (4)
this sequence would mediate the relation of family risk status to adolescent substance abuse.
Three temperament traits were examined out of many that could be nominated. Only one, low
reactive control, mediated risk for substance abuse in middle adolescence, while negative
emotionality and resiliency appeared to increase childhood risk for disruptive behaviors
without increasing later risk for adolescent substance abuse once family risk was controlled,
consistent with previous literature (Auerbach et al., 2001). Low reactive control appears to
predispose children to the development of inattention/hyperactivity. Hyperactive and
impulsive behavior in turn mediated the effect of low reactive control on disruptive or antisocial
behavior, consistent with previous work suggesting that inattention/hyperactivity predisposes
to disruptive behavior problems (Burke et al., 2005; Loeber, Green, Keenan, & Lahey, 1995).
However, it may be that disruptive behavior is a more powerful driver of later problem
behaviors like substance abuse than inattention/hyperactivity since disruptive behavior
suppressed the effect of inattention on substance abuse. This suppression effect also suggests
substantial overlap between inattention and disruptive behavior. In line with these ideas,
disruptive behavior partially mediated the relationship between low reactive control and
substance abuse.

A key finding was that reactive control, inattention/hyperactivity, and disruptive behaviors
partially mediated the pathway between family risk and adolescent substance abuse. Family
risk, likely heavily influenced by genetic and biological factors, may increase risk for low levels
of reactive control and high levels of childhood disruptive behavior problems via abnormalities
or less efficient neural processing in limbic-frontal circuitry (Rothbart & Posner, 2006). In
addition, family risk in the form of parent psychopathology may increase the likelihood of
negative interaction patterns in the home, in this way increasing risk for disruptive and
delinquent behaviors that are often associated with adolescent substance abuse.
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Based on this study’s findings, one pathway to adolescent substance abuse appears to be
through childhood behavior problems like ADHD and ODD. This finding is in line with
previous work testing components of our cascade model. Children with disruptive behavior
problems (or diagnoses such as ODD and CD) and/or inattention and hyperactivity (or a
diagnosis of ADHD) appeared more likely to develop substance use problems in adolescence
(Eron et al, 1987; Hawkins et al., 1992; Hawkins et al., 1999; Jester et al., 2008; Masse &
Tremblay, 1997; Molina & Pelham, 2003; Tarter et al., 2007; Zucker, 2006). Childhood
disruptive behaviors appeared to follow the developmental progression hypothesized in
previous work such that inattention/hyperactivity predicted the onset of disruptive behaviors
(Burke et al., 2005; Loeber et al., 1995), although this admittedly remains controversial.
Further, disruptive behavior mediated associations between inattention/hyperactivity and
substance abuse, consistent with Tarter et al. (2007).

A fully longitudinal analysis of these patterns faces several barriers. One is the fact that
behavior in any domain at an early age could influence behavior in another domain later, and
yet most of the behaviors discussed herein occur in some degree across all ages studied (the
major exception being substance use, which for the most part only occurred in the latter years
of the study). We were able to partially address this in secondary analyses that restricted
measures to the age at which they were theorized to be most salient or influential. In addition,
previous longitudinal research on trait-psychopathology relations, using observational
temperament measures, suggests that maladaptive traits increase risk for psychopathology,
rather than the other way around (Eisenberg et al., 2001). However, it should be noted that,
although traits and psychopathology are often conceptualized as separate constructs and thus
reported associations could be seen as evidence of a cascade effect, it is also possible that traits
and psychopathology are both tapping into the same processes, namely trait expression,
consistent with a spectrum model of trait-psychopathology relations (Van Leeuwen,
Mervielde, De Clercq, & De Fruyt, 2007). The data presented in the current paper cannot rule
out this possibility.

A key limitation was that temperament was measured using only one set of examiner ratings
per wave. It might have been more ideal to have included laboratory-based observational
measures of temperament at the early waves and multiple-informant ratings of temperament
at the older waves, as well as measurement of additional temperament traits such as behavioral
disinhibition. Only one measure of substance abuse, albeit a composite alcohol and drug
measure, was used in the current study. However, separate analysis of alcohol and drug
problems and alcohol and drug use yielded similar findings as those reported here, so the results
did not depend on a particular way of defining alcohol/drug-related outcomes. The
generalizability of these findings to more ethnically diverse samples is unclear. The sample
was 72% male, thus providing some improvement on prior literature emphasizing risk solely
in males. Nonetheless, caution should be used in generalizing these findings to girls. A final
limitation was that we did not examine growth curve trajectories or lag models so we did not
demonstrate that early levels of one trait predicted change over time in other traits and
psychopathology. We did not analyze those models because the model being tested was a
cascade model in which one behavior was hypothesized to develop into the other, not a model
in which one trait influences a completely different trait. Alternative formulations of
developmental relations among traits and psychopathology should be considered in future
work.

The results of the current study have important clinical implications. First, prevention and
intervention efforts directed at childhood inattention/hyperactivity and disruptive behaviors
are important and could have the added benefit of decreasing adolescent substance abuse. Early
assessment and intervention for childhood disruptive behaviors might include the development
of enhanced prosocial alternatives to substance abuse. Additional research on temperament
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traits associated with later-developing childhood disruptive behaviors and adolescent
substance abuse may be useful in identifying children at risk for adolescent substance abuse
at earlier ages. Of course, as this cascade effect only partially mediated the pathway between
family risk and later substance abuse, study of additional risks for substance abuse remain
important.

In conclusion, temperament may mediate the relationship between family risk and substance
abuse. However, that temperament effect is mediated by inattention and disruptive behavior
problems. At a general level, our data suggests that a developmental cascade of behaviors links
family risk and adolescent substance abuse via low reactive control, inattention/ hyperactivity,
and disruptive behavior.
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Figure 1.
Hypothesized Model of Temperament Pathways to Adolescent Substance Abuse from Birth
to Adolescence
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Figure 2.
Inattention/Hyperactivity Partially Mediates Pathway Between Traits and Disruptive Behavior
Note. *p < .05. **p<.01. Analyses controlled for sex, age at wave 5, paternal alcoholism,
maternal alcoholism, and family SES. Indirect effect estimates: -1.25, .92, -1.34 respectively;
all p<.01.

Martel et al. Page 15

J Abnorm Child Psychol. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Disruptive Behavior Suppresses the Pathway Between Inattention/Hyperactivity and
Substance Abuse
Note. *p< .05. **p<.01. Analyses controlled for sex, age at wave 5, paternal alcoholism,
maternal alcoholism, and family SES. Indirect effect estimate: .52, p<.01.
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Figure 4.
Disruptive Behavior Mediates Pathway Between Reactive Control and Substance Abuse
Note. *p< .05. **p<.01. Analyses controlled for sex, age at wave 5, paternal alcoholism,
maternal alcoholism, and family SES. Indirect effect estimate: -.94, p<.01.
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Figure 5.
Traits and Child Disruptive Behavior Mediates Pathway Between Family Risk and Substance
Abuse
Note. *p< .05. **p<.01. Analyses controlled for sex, age at wave 5, and family SES. Indirect
effect estimate=.15, p<.01.
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Table 1
Descriptive Statistics on Sample

Alcoholic Non Alcoholic Total

N 493 181 674

N (%) boys 358(72.6) 128(70.7) 486(71.65)

Family SES 315.38(127.75) 370.04(132.96) 330.32(131.37)**

Age at wave 5 16.54(.94) 16.49(.96) 16.53(.95)

Reactive Control 4.94(.89) 5.20(.85) 5.01(.88)**

Resiliency 5.73(.72) 5.88(.69) 5.77(.72)**

Negative Emotionality 4.29(.92) 4.14(.89) 4.25(.91)+

Inattention/Hyperactivity 53.85(4.22) 52.58(3.36) 53.50(4.04)**

Disruptive Behavior 51.94(6.61) 48.58(5.65) 51.02(6.53)**

Substance Abuse 3.78(5.40) 1.65(3.53) 3.20(5.05)**

Note.

+
p<.10,

*
p< .05,

**
p<.01 for alcoholic vs. non-alcoholic group comparison by t-test or chi-square.
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